
Daniel J. Jobson and Glenn A. Woodell 
Langley Research Center, Hampton, Virginia 


S10V900 5£/£9 


se toun 
986ST-96N 


d <7 1 (J9ifU33 ipjeesay 
AeiSuei N3IS3Q QNnOHHAS 

:Z I«va *X3NI13d aNnO»«nS/»31N3D 
V 30 S31IH3dOad (88I0II-WI-VSVN) 



w 

55 


H 

W 

Pi 

Q 

£ 

& 

O 

Pi 

Pi 

U 

m 

w 

H 

£ 

H 


55 

0 
i— t 

co 

W 

Q 

Q 

55 

3 

O 

Pi 

Pi 

53 

CO 


« £ 
fe H 

0 S 

V} pH 

W <J 

►H /v 

s 

H 

Ph 

O 


Ph 

Ph 


0) 

"C *-. 
O <D 
j3 "S 

^ s 

O 

g § 

f3 <G 

<D a; 

r-H CO 

°,S 

fl Jj* 
J S 

•s j 

•-5 HH 
^ C/3 

05 < 

I 85 

Q 


H 

O 

C 

H 

CD 

ffl 

◄ 


G 

O 

o 


8 

x 

G 

G 

CO 

co 

0) 

G 

43 

bO 


G 

O 


G 

G 


G 

JG 


43 

X 

o 


£ 

G 


X 

G 

G 

h3 

G 

'? 

X 

w 


43 

43 

H 


CO 

G 

.2 

*-+j 

g 

X 

G 

G 

cS 

13 

.2 

2 

43 

43 

13 

a 

43 

43 

•w 

X 

43 

43 

CO 


§ a 


s a 


-5 


CO 

G 

O 

’> 

43 


x 

43 

G 

43 


? o. 
g S 


G 

43 

43 

43 


43 

a 

o 


43 

43 


G 

O 


o 

t§ 

43 


43 

43 

■+J 

X 

G 

G 


m co 

^ 03 

G 


'H Cj W 


^ 0 


>% 

o 

G 

3 


X 

G 

G 

t-3 


43 

43 


§ 


G 

43 


d 

O .w 


M 03 


co 

43 

X 

CJ 

Cg 

'o 

43 

a 

CO 

X 

43 

G 


G 

43 

•+* 

O 

G 


G 

42 

S 

s 


* .1 


43 

43 


Oh 

43 

43 

U 

43 

a 


8 


X! 

G 


43 

G 

■ 4-3 

43 
W 5 


§ 


.2 Oh 


•5 a 


43 

G 

tG 

43 

X 

o 

4-3 


43 

bO 

G 


43 

43 


§ 


43 

Oh 

O 


G 

43 


43 

X 

o 


43 

43 

4-3 

G 

43 

44 » 

X 

G 

<33 

I 


o 

G 

X 

G 

G 

O 


2 ^ 
5 .s 

5 X 

£ £ 

.0 o 

> 

G G 


8 

G 

8 


G 

.2 

£ 

a 

4-5 

G 

o 

43 


43 

G 

co 

^ CO 

43 

42 


X 

G 

G 

O 


43 

43 


£ 

X 

43 

G 

> 

8) 


S •- 


G 

43 


2 Oh 

5 B 


43 

43 

4-3 

b0 

G 

4 

G 

b0 


So 

§ 


X 

§ 

G 

O 


X 

G 

43 


a 8 


^ a 


43 

42 

0 

1 

43 

X 

G 


G 


3 

0 

G 

X 

§ 

X 

43 

45 

G 

3 

13 

> 

43 


X 

G 

G 

O 


•a a 


>> ,®P O 

- 1 
G 
>> 
X 


be 43 

.5 3 

■8 g 

£ o 
>> 8 
a “ 
.s <a 


x 

43 

G 


43 

43 


CO 

S 


CO 

G 

.2 

'C 

£ 


§ 

4-3 

CO 

G 

O 

o 

43 

O 

G 

a 

CO 


43 

u 

a< 

X 

G 

G 


>» 

42 

X 

43 

4-9 

CO 

43 

h£) 

bO 

G 

co 


G 

G 

cr 

co 


> 

.2 

43 

43 


§ 

43 


43 

42 


43 

Oh 


X 

G 

G 

.0 


s 


O 

0O 


G 

G rt 

to o 

G 
O 
o 

43 
O 

G 
Oh 
co 


X 

G 

G 

O 


G 

co 


§ 


i 

0 


G 

bp 

*s 

43 

X 

43 

43 


X 

43 


X 

G 

43 

$-i 

X 

G 

G 

G 

O 


Oh 

I 

o 

43 

bO 

G 

G 


e 

G 

G 

>> 

X 

G 

43 

43 

£ 

-U 

43 

42 


2 

o 

Oh 

2 

o 

o 




time involved and was implemented in analog VLSI to achieve real-time computation 3 - 4 . Evidence 
that this retinex version is an optimal solution to the lightness problem has come from experiments 
posing Land’s Mondrian target (randomly arranged two-dimensional gray patches) as a problem in 
linear optimization and a learning problem for back propagated artificial neural networks 5 - 6 . 
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This operation is performed on each spectral band to produce Land’s triplet values specifying 
color and lightness. It is readily apparent that color constancy (i.e., independence from single 
source illuminant spectral distribution) is reasonably complete since 
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Initial image processing simulations revealed several unresolved implementation issues — (1) the 
placement of the log function, (2) the functional form of the surround, (3) the space constant for 
the surround, and (4) the treatment of the retinex triplets prior to display. These will be examined 
here while (1) and (4) are examined in a companion paper 9 . 
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. The Surround Function 



performance is shown in Fig. 5. In contrast, both the exponential and Gaussian forms produced 
good dynamic range compression over a range of space constants. Because the Gaussian offered 
the most experimental flexibility (good performance over wider range of space constants), it was 
selected for this implementation. It is likely that the exponential is equally useful and this is clearly 
of importance for analog VLSI resistive network hardware implementations of retinex computations. 
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The specific surround implementation we have defined from preliminary testing is an operation 
with the following characteristics: 

1. The form of the surround is Gaussian. 
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